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Abstract. A 9-level inverter with a boost converter has been controlled with a fuzzy logic controller
and a PID controller for regulating output voltage applications on resistive (R) and inductive (L),
capacitance (C). The mathematical model of this system is created according to the fuzzy logic
controlling new high multilevel inverter with a boost converter. The DC-DC boost converter and the
multi-level inverter are designed and explained, when creating a mathematical model after a linear pulse
width modulation (LPWM), it is preferred to operate the boost multi-level inverter. The fuzzy logic
control and the PID control are used to manage the LPWM that allows the switches to operate. The
fuzzy logic algorithm is presented by giving necessary mathematical equations that have second-degree
differential equations for the fuzzy logic controller. After that, the fuzzy logic controller is set up in the
9-level inverter. The proposed model runs on different membership positions of the triangles at the fuzzy
logic controller after testing the PID controller. After the output voltage of the converter, the output
voltage of the inverter and the output current of the inverter are observed at the MATLAB SIMULINK,
the obtained results are analysed and compared. The results show the demanded performance of the
inverter and approve the contribution of the fuzzy logic control on multi-level inverter circuits.
Keywords: differential equations; LPWM; fuzzy logic; PID.
1. Introduction
The DC-DC power converters are widely used in some
applications, e.g., regulations of power supplies for per-
sonal computers, office equipment, aircraft power sys-
tems, and DC motor drives. Then, the regulated direct
current (DC) sources have to convert to alternating
current (AC) sources with an inverter. Multilevel in-
verter topologies provide an analytical designation for
increasing the quality of the alternating voltage [1, 2].
Therefore, power electronic applications are important
for converting a direct current source on the multilevel
inverter. Some circuit studies were done in scientific
articles [2, 3]. However, the control signal techniques
that are pulse-width modulations (PWMs) for the
three-phase alternating machine and computer sup-
ply cause some difficulties [6]. In addition, low-level
inverters with a pulse-width modulation (PWM) can
generate a waveform, which has harmonics because in-
verters have a nonlinear component such as MOSFET
and IGBT [3–5]. If numbers of the component have
increased on the inverter, non-linear effect such as
harmonic distortion rises on the outputs of loads. The
nonlinear effects have been addressed in some studies
so that harmonic distortions could be eliminated on
PWM inverters’ running loads [8–10]. The fuzzy logic
controller controlling a novel boost multi-level inverter
topology is presented in the study, which is different
from other studies [11, 12]. The proposed inverter
topology uses a single H-bridge structure creating DC
voltage steps at loads according to increasing number
of switches of the inverter. The output voltage of
the DC-DC converter is boosted for an input voltage
of the inverter. Therefore, the converter is designed
for the input of the inverter. a nine-level inverter is
designed with a high-level inverter method. According
to the method, two switches are placed on the upper
side of DC sources when a part of the DC source is
added to the inverter with creating a voltage divider
circuit. The switch quantity of the negative side of
the source continues to be fixed by using logic gates,
although the switch quantity of the positive side of the
source is raised. After a boost nine-level inverter has
been formed, the Linear Pulse Width Modulation is
designed for an operation of the inverter in the signal
processing study. The PWM inverter needs to operate
on a closed-loop control so that optimal results could
be obtained. Therefore, some control methods as a
PID controller and Fuzzy logic controller has been
used to control the power electronic circuits [9, 18].
The inverters, which have a conventional hardware
structure in previous studies, are controlled by SPWM,
which provides the voltage steps on the load. The
voltages are divided into horizontal pieces of differ-
ent magnitudes on a load of a conventional inverter.
Hence, the effect of the PWM control on the electrical
angle of the current and voltage generated on the load
cannot be determined precisely. For the first time, the
proposed inverter structure with the LPWM is oper-
ated by the fuzzy logic control in a closed-loop and
the generated voltage is composed of vertical pieces
while each piece of the vertical axes has equal time.
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Figure 1. Boost converter with voltage divider.
This provides that the error and the change of error
will be between the specified electrical angles while an
inverter is being controlled. However, in the previous
inverter control operation, the electrical angle could
not be determined for the error and the error changes.
According to this, the Fuzzy logic algorithm is pre-
sented by giving necessary mathematical equations
for the fuzzy logic controller. Then, a boost high
multi-level inverter that was present without the con-
trol system and without boost converter circuits at an
open loop control [2], is designed with a PID and fuzzy
logic controllers at the closed-loop control. Although
the operation of the multilevel inverter is difficult on
the closed-loop, the inverter achieves to perform with
the fuzzy logic controller according to the proposed
method. In the applications, the fuzzy logic controller
is designed with three triangles according to the out-
put current on the load. After load outputs of the
fuzzy logic controlling inverter are tested on different
positions of triangles, the obtained results are com-
pared with the load outputs of the PID controlling
inverter. According to the observed results, novel
multilevel inverters provide high quality and stable
output waveforms with a lower total harmonic dis-
tortion and a better harmonic spectrum than results
of a traditional PID controlling inverter. Obtained
harmonic distortions for the current are lower than
4%, which is an international IEEE standard.
2. Proposed inverter
2.1. DC-DC Boost converter
Figure 1 shows a DC-DC boost converter for increas-
ing the low-level DC voltage to a high-level DC voltage.
The dc-dc converter circuit model is described by cre-
ating equations according to input and output values.
In the equations, Vg is the input voltage, VL is the
inductor voltage, and İL is the inductor current, R
is the resistive load, C is the capacitor for the con-
verter of the output voltage, D is the duty cycle for
switches, Vc is the output voltage that is divided by
a voltage divider circuit for every level of the multi-
level inverter and T is the total process time for the
converter switch.
2.2. LPWM and inverter
The pulse width modulation is used widely for driven
motors and different driving loads [13–21]. In this
paper, the linear pulse width modulation (LPWM) is
considered for switching the frequency strategy at the
signal processing since the pulse width modulation is
different from using a pulse width modulation method
for multilevel inverters. One constant signal is com-
pared to fourteen triangles for the 9-level inverter in
Figure 2.
Multilevel topologies are continuously considered
for full bridge and half-bridge inverters, which were
used, in a power electronic work [6]. The different
pulse width modulation strategies experimented with
the multi-level inverter so that the DC voltage is con-
verted to an alternating voltage, which must include
a low total harmonic distortion. Therefore, a different
topology is offered in this study, although many stud-
ies have introduced variance to the available topolo-
gies [7]. In the study, a boost high multi-level inverter
is described with a fuzzy logic controller in closed loop
control because the presented high multi-level inverter
was introduced without a control system and boost
converter circuits in an open loop control [2]. Figure 5
shows the LPWM 9-level inverter. Resistance is R. L
is the inductance. C is the capacitor. Ia is the phase
current. A 9- Level inverter has eight switches on the
positive side of the DC sources while four parts of
the DC source on the inverter are constructed with
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Figure 2. Created PWMs for nine-level inverter with compares signals.
Figure 3. Nine-level inverter.
a voltage divider circuit for the nine-level boost in-
verter. The switch count on the downside of the source
continues to be fixed although the switches of the up-
per side of the source rise to eight. The modulation
method is used in Figure 3 so that switches can be
operated according to the proposed topology. Table 1
demonstrates the switch operating positions with the
modulation technique. According to this operation
positions, the nine-level inverter runs at MATLAB
SIMULINK in order to form the alternating voltage
with vertical divided electrical angles. Therefore, the
inverter uses sixteen steps in order to create an alter-
nating voltage as nine-levels.
The mathematical equations for the DC-DC con-
verter are given in (1)–(6). When S is ON, equations
of boost converter circuit are:
Vg = VL, (1)
Imax − Imin = Vg
L
DT. (2)
When S is OFF, equations of boost converter circuit
are:
Vg = VL + Vc, (3)
Imin − Imax = Vg − Vc
L
(1−D)T, (4)
Vg − Vc
L
(1−D)T = −Vg
L
DT, (5)
Vc =
Vg
1−D. (6)
In the second level voltage, two pieces of voltage for
the positive period and two pieces of voltage for the
negative period of the voltage occur at the deter-
mined angles. For 22.5°–45°; 157.5°–180°; 202.5°–225°;
337.5°–360°, a 1/4 of the converter output voltage is
employed in S-2 and S-8 for the second level forming
on loads. The 2-level for boosted alternating voltage
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I9 I8 I7 I6 I5 I4 I3 I2 I1 I0 S
S-1 0 0 0 0 0 0 0 0 0 0 1
S-2 1 0 0 0 0 1 0 0 0 0 1
S-3 1 0 0 0 1 0 0 0 0 0 1
S-4 1 0 0 1 0 0 0 0 0 0 1
S-5 1 0 1 0 0 0 0 0 0 0 1
S-6 1 0 0 1 0 0 0 0 0 0 1
S-7 1 0 0 0 1 0 0 0 0 0 1
S-8 1 0 0 0 0 1 0 0 0 0 1
S-9 0 0 0 0 0 0 0 0 0 0 1
S-10 1 1 0 0 0 0 0 0 1 0 1
S-11 0 1 0 0 0 0 0 1 0 0 1
S-12 0 1 0 0 0 0 1 0 0 0 1
S-13 0 1 0 0 0 1 0 0 0 0 1
S-14 0 1 0 0 0 0 1 0 0 0 1
S-15 0 1 0 0 0 0 0 1 0 0 1
S-16 1 1 0 0 0 0 0 0 1 0 1
Table 1. Switches operating according to steps. S –
switch of converter
created on R, L and C loads is computed from
2d
( Vg
1−D
1
4
)
7dt = R
di1
dt +
i1
C
+ Ld
2i1
dt2 . (7)
For 45°–67.5°; 135°–157.5°; 225°–247.5° ; 315°–337.5°,
2/4 of the converter output voltage is employed in
S-3 and S-7 for forming a 3-level. The 3-level for the
voltage on R, L and C loads is computed from
4d
( Vg
1−D
1
4
)
7dt = R
di2
dt +
i2
C
+ Ld
2i2
dt2 . (8)
For 67.5°–90°; 117.5°–135°; 247.5°–269.5°; 292.5°–315°,
3/4 of the converter output voltage is activated for
S-4 and S-6 for creating 4-level. The 4-level for the
boosted alternating voltage on R, L and C loads is
computed from
6d
( Vg
1−D
1
4
)
7dt = R
di3
dt +
i3
C
+ Ld
2i3
dt2 . (9)
For 90°–117.5°; 269.5°–292.5°, 4/4 of the converter
output voltage is activated, The 4-level for the boosted
alternating voltage on R, L and C loads is computed
from
4d
( Vg
1−D
1
4
)
7dt = R
di4
dt +
i4
C
+ Ld
2i4
dt2 . (10)
The total boosted voltage is derived from (8)–(10).
The equation for the total alternating voltage is
16d
( Vg
1−D
1
4
)
7dt = R
d(i1 + i2 + i3 + i4)
dt
+ i1 + i2 + i3 + i4
C
+ Ld
2(i1 + i2 + i3 + i4)
dt2 . (11)
Five parts of the DC source are employed in S-5 for
forming the 5-level on loads. The 5-level is computed
from
i = i1 + i2 + i3 + i4. (12)
Rewriting the total increasing alternating voltage
equation with the total current value we get
16d
( Vg
1−D
1
4
)
7dt = R
di
dt +
i
C
+ Ld
2i
dt2 . (13)
2.3. Controllers
The fuzzy logic controller was widely used to control
electronic circuits for getting better results in some
studies [13, 20]. In the paper, the applied mathemati-
cal model of the system is created and described as a
fuzzy logic controlling a new high multilevel inverter
with an adapting boost converter. The fuzzy logic
uses the equations of the first and second-degree dif-
ferential equations, based on the determined electrical
differences. This is the first time in the literature
to establish an equation used for the fuzzy logic con-
troller. Membership functions of fuzzy logic controller
are based on the load current of the inverter designed
with three triangles. Some logical conditions of the
fuzzy logic controller have to be explained to design
a fuzzy logic controller. du is derived from the input
values of the control error e and the change of the
control error de. The value of e is derived from the
reference signal r(n) and the output signal y(n) that
is the load current of the inverter. The equation of
the control error is
e(n) = r(n) − y(n). (14)
The change of the control error is the difference be-
tween two control errors in a succession. The control
error of the change is described by
de = e(n) − e(n−1). (15)
Because the high multilevel inverter is a 9-level, the
values of the control error e and change of the control
error de is divided with 22.5° of the electrical angle.
Then, two equations can be formed:
e1 = e9 =
ir
8 −
2
8
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
22.5°–45°; 157.5°–180°
202.5°–225°; 337.5°–360° ,
e2 = e8 =
ir
8 −
2
8
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
45°–67.5°; 135°–157.5°
225°–247.5°; 315°–337.5° ,
e3 = e7 =
ir
8 −
2
8
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
67.5°–90°; 117.5°–135°; 247.5°
247.5°–269.5°; 292.5°–315° ,
e4 = e6 =
ir
8 −
2
8
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
90°–117.5°
269.5°–292.5°
(16)
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and
de1 = e1 − e10, de9 = e9 − e90,
22.5°–45°; 157.5°–180°
202.5°–225°; 337.5°–360° ,
de2 = e2 − e1, de8 = e9 − e8,
45°–67.5°; 135°–157.5°
225°–247.5°; 315°–337.5° ,
de3 = e3 − e2, de7 = e8 − e7,
67.5°–90°; 117.5°–135°; 247.5°
247.5°–269.5°; 292.5°–315° ,
de4 = e4 − e3, de6 = e7 − e6,
90°–117.5°
269.5°–292.5° ,
(17)
where ir is the reference current; io is the output
current.
If the number of iterations for each level is consid-
ered to be three, the error equations are as follows:
e11 = e91 =
ir
24 −
2
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e12 = e92 =
ir
24 −
2
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e13 = e93 =
ir
24 −
2
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
22.5°–45°; 157.5°–180°
202.5°–225°; 337.5°–360° ,
(18)

e21 = e81 =
ir
24 −
4
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e22 = e82 =
ir
24 −
4
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e23 = e83 =
ir
24 −
4
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
45°–67.5°; 135°–157.5°
225°–247.5°; 315°–337.5° ,
(19)

e31 = e71 =
ir
24 −
6
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e32 = e72 =
ir
24 −
6
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e33 = e73 =
ir
24 −
6
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
67.5°–90°; 117.5°–135°; 247.5°
247.5°–269.5°; 292.5°–315° ,
(20)

e41 = e61 =
ir
24 −
8
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e42 = e62 =
ir
24 −
8
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
e43 = e63 =
ir
24 −
8
24
(
R
dio
dt +
io
C
+ Ld
2io
dt2
)
,
90°–117.5°
269.5°–292.5° ,
(21)
According to the sampling number three, the change
e de
Lo Av Ha
Ha Av Ha Ha
Av Lo Av Ha
Lo Lo Lr Av
Table 2. Some rules for interaction membership
according to three membership.
e de
Lr Lo Av Ha Hr
Hr Av Ha Ha Hr Hr
Ha Lo Av Ha Ha Hr
Av Lo Lo Av Ha Ha
Lo Lr Lo Lo Av Ha
Lr Lr Lr Lo Lo Av
Table 3. Five section fuzzy rule decision table.
of the error is described in the following equations.
de11 = e11 − e10, de91 = e91 − e90,
de12 = e12 − e11, de92 = e92 − e91,
de13 = e13 − e12, de93 = e93 − e92,
22.5°–45°; 157.5°–180°
202.5°–225°; 337.5°–360° ,
(22)

de21 = e21 − e23, de81 = e81 − e83,
de22 = e22 − e21, de82 = e82 − e81,
de23 = e23 − e22, de83 = e83 − e82,
45°–67.5°; 135°–157.5°
225°–247.5°; 315°–337.5° ,
(23)

de31 = e31 − e33, de71 = e71 − e73,
de32 = e32 − e31, de72 = e72 − e71,
de33 = e33 − e32, de73 = e73 − e72,
67.5°–90°; 117.5°–135°; 247.5°
247.5°–269.5°; 292.5°–315° ,
(24)

de41 = e41 − e43, de61 = e61 − e63,
de42 = e42 − e41, de62 = e62 − e61,
de43 = e43 − e42, de63 = e63 − e62,
90°–117.5°
269.5°–292.5° ,
(25)
Table 2 demonstrates the output values of du for
three triangle memberships after the e and de interac-
tion provides the generation of du. Because member-
ships of e and de settle on three triangles, nine rules
can be described as below.
Table 3 demonstrates the output values of (du)
for five triangle memberships after the (e) and (de)
interaction provides the generation of (du). Because
memberships of (e) and (de) settle on three triangles,
25-rules can be described.
5
Erol Can Acta Polytechnica
Figure 4. Interaction of error and error exchange rules.
Figure 5. (a) Error and error change. (b) The interaction of the error and the change of the error at different points.
(c) Change of the PWM according to error and error change.
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Figure 6. Fuzzy logic controlling nine level boost multi-level inverter.
Figure 7. (a) Equal and symmetrical placement of control error. (b) Equal and symmetrical placement of change of
control error.
Values e and de produced from the boosting load
current of the high multi-level inverter are intersected
in order to provide the fuzzyfication. Then, after the
decision process is done, du is created in defuzzyfi-
cation. Values of du provide a control switch of the
converter feeding the multilevel inverter. The inter-
action of error and error exchange rules are given in
Figure 4.
If the control error and the control error change are
low according to table 2, then the output value is high
in the clarification process in Figure 4. According
to the rule table, if the control error is high and the
change of control error is low value, the output value
goes to the average value in the clarification process.
The interaction of the error and the change of the
error at different points is shown in Figure 5b while
membership triangles are symmetrical in Figure 5a.
While the error is 0.228 and the change of error
is 0.00876, the output value du is 0.558 as shown in
Figure 5b. Hence, an effective correction can be made
at the stage of clarification. The operating ratios of
the PWMs are determined by the change of the direct
signal according to the error and the change of the
error as it is shown in Figure 5c. If the error and the
change of the error are higher (Hr), the direct signal,
which is encountered with the triangular signals, rises
and the working ratio of the PWMs decrease as P1,
P2, P11 and P12. If the error and the change in the
error are lower (Lr), the correct signal intersecting
with the triangular signals decreases and the operation
rate of the PWMs increases as P3, P4, P7 and P8.
If the error and error change is low (Lo), the direct
signal is slightly raised and the operating ratios of the
PWMs are P5, P6, P9 and P10. The PID control is
widely used in order to get a better result from the
system. In this study, a comparison between fuzzy
logic and traditional PID control methods was made.
The Differential expansion of the PID controller is
u(t) = Kpe(t) + Ki
∫
e(t) dt + Kd
de
dt . (26)
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Figure 8. The input signals applied to the fuzzy logic
controller.
The Laplace expansion of the PID controller is
u(t) = Kp +
Ki
s
+ Kd =
Kps
2 + Kps + Ki
s
, (27)
where Kp is the value for the proportional gain; Ki is
the value for the integral gain; Kd is the value for the
derivation gain.
If (13) is to be rearranged with Laplace, we get
i(s) = 16s
7L
(
s2 + sRL +
1
LC
)V (s). (28)
If the values of Kd, Kp and Ki in (27) are to be set,
we get
i(s) = 16sKp + Ki
7L
(
s2 + KdsRL + Kp
1
LC + Ki
)V (s). (29)
2.4. Simulation results for multi-level
inverter
A simulation of a nine-level inverter has been per-
formed with the LPWM designed for the inverter
controlling after the boost converter is adapted to the
high multi-level inverter as it is shown in Figure 6.
The inverter model operates with the fuzzy logic con-
troller when a membership triangle of the controller
uses de and e, which are produced from load currents.
The proposed circuit structure operates using MAT-
LAB SIMULINK software. The DC–DC converter has
inductance L = 0.02H, and C = 1mF capacitor. The
controller determines duty cycle D while the input
voltage for the DC–DC converter is 100V. Values of
R, L and C loads in the connecting series are 50 Ω,
0.7H, 0.8F as loads of the inverter. The fuzzy logic
controller according to different placement positions
of triangles controls the proposed model.
When the control error is between −1 and 1, the
triangle changes symmetrically as shown in Figure 7a.
When the change of the control error is between −0.1
and 0.1, the triangle changes symmetrically as shown
in Figure 7b. The input signals applied to the fuzzy
logic controller are given in Figure 8.
The Control error and control error change signals
in Figure 8 are generated from the load current and
Figure 9. Converter and inverter voltages according
to the triangular symmetric positions.
Figure 10. Inverter load current according to the
symmetric triangular positions.
control the system according to the generated rule
table. Converter and inverter voltages according to
the triangular positions in Figure 7 are as shown in
Figure 9.
Current of load forms are shown in Figure 10 while
the boosted DC voltage converts to an alternating volt-
age with the multilevel inverter as shown in Figures 8
and 9. The DC 100 volts applied to the converter
reach a balanced 195 volts of the direct voltage at
the converter output while the output of the inverter
turns into a balanced and symmetrical 195 volts of
the alternating voltage.
The load current-1 is 1.5 amperes symmetrically as
it is shown in Figure 10. It is becoming stable at 0.125
seconds. The change of the control error is between
−0.1 and 0.1 according to the second set of different
triangle positions in Figure 11a. The average value is
between −0.02 and 0.02 while the values of highs and
lows are between −0.1, −0.05 and 0.05, 0.1 in de in
Figure 11a.
The average value is between −0.2 and 0.2 while
the values of highs and lows are between −1, −0.5;
0.5, 1 for (e) in Figure 11b. The output voltages of
the circuit controlled according to these triangular
positions are shown in Figure 12.
8
vol. 59 no. 1/2019 Mathematical Algorithm of Fuzzy Logic Controller
Figure 11. (a) Unequal and symmetrical placement of control error. (b) Unequal and symmetrical placement of
change of control error.
Figure 12. Converter and inverter voltages according
to the positions of unequal and symmetric triangular.
Figure 13. Inverter load current according to the
unequal and symmetric triangular positions.
Figure 14. (a) Unequal and unsymmetrical placement of control error. (b) Unequal and unsymmetrical placement
of change of control error.
After the DC 100 voltage applied to the converter
reaches a balanced 195 volts of direct and alter-
nating voltages at 0.25 s. The converted voltages
are increased to 215 volts as balanced direct and
alternating voltages at 0.5s in Figure 12. Figure 13
shows the load current according to the unequal and
symmetric triangular positions.
The load current-2 increases to 1.7 amperes in 0.5
seconds after increasing to 1.55 ampere in 0.25 second.
With the change in the position of the triangles
created, the increase in the load of voltage and the
load current can be provided with increasing time.
The change of the control error and the control error
are according to the third set of different triangle
positions in Figure 14.
The control error and the change of control error
have an unequal and unsymmetrical placing. There-
fore, the low value is between −0.1 and 0.05; the
value of highs is between −0.02, 0.02 and the av-
erage values are between 0.06 and 0.1 for de in
Figure 14b. The low value is between −1 and
0.5; the value of highs is between −0.2, 0.2 and
the average value is 0.6, 1 for e in Figure 14a.
The output voltages of the circuit controlled accord-
ing to these triangular positions are given in Fig-
ure 15.
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Figure 15. Converter and inverter voltages according
to the positions of unequal and asymmetric triangu-
lar.
Figure 16. three-output voltages of converter.
After the DC 100 voltage applied to the converter
reaches a balanced 200 volts of direct and alternating
voltages at 0.3 s. the converted voltages are increased
to 205 volt as alternating voltage at 0.5 s. Figure 15.
Figure 16 shows the converter output voltages accord-
ing to the results of the three simulations.
The converter voltage-1 is balanced and steady at
195 volts while a comparison with other voltages is
shown in Figure 16. The converter voltage-3 is 205
volts at 0.5 s while the converter voltage-2 is 215 volts
at 0.5s as shown in Figure 16. Changes in load of
voltage and optimum values could be realized by a
nonlinear control method according to the changing
positions of the triangles.
The output voltages on the load controlled by the
PID and Fuzzy controllers are as shown in Figure 7.
The voltage on the load at the first PID control1
generates oscillations about 206 volts before it stabi-
lizes at 195 volts and 0.018 seconds. In the first fuzzy
logic control experiment, the voltage on the load is
set at 195 volts and 0.08 second with a non-oscillating
manner. In the second fuzzy logic control2 experi-
ment, the voltage on the load is non-oscillating and
increasing at 203 volts and 0.5 seconds. In the second
PID control test, the voltage on the load is oscillating
and increasing at 205 volts and 0.5 seconds. Accord-
Figure 17. The output voltages on the load controlled
by the PID and Fuzzy controllers.
THD of Fuzzy THD of PID
Logic Control Control
Load current 1 1.35 2.27
Load current 2 1.45 2.37
Table 4. Harmonic distortion of load currents.
ing to these results, the fuzzy logic control provides
more effective and stable control than the conventional
PID control. The comparison of the total harmonic
distortions can be seen in Table 4.
The harmonic distortions of the Fuzzy Logic con-
trolling a nine-level inverter are 1.35 and 1.27. While
the harmonic distortions of the PID controlling a
nine-level inverter are 2.27 and 2.37. The harmonic
distortion of the load currents of the inverter show
acceptable values by staying lower than 4% for each
simulation according to results, the proposed inverter
topology is more acceptable with the fuzzy logic con-
troller than the conventional PID control.
3. Conclusion
An inverter with a boost converter was designed with
a new approach in the presented study. The fuzzy
logic controller was used in the system so that opti-
mal results could be obtained. The high multi-level
inverter performance was measured by a simulation af-
ter the model of the full system was created. The DC
voltage was increased from low voltage to high volt-
ages with the proposed new inverter topology while
a DC-DC converter was operated with a PID and a
fuzzy logic controller. The voltage on the load con-
nected to the inverter was tested at various positions
of the membership functions of the fuzzy logic con-
troller. The average value was between −0.2 and
0.2 while the values of highs and lows were between
−1, −0.5, 0.5, 1 for (e). Then, the input voltage of
100 volts increased to 240V at the output of the in-
verter. When the control error is between −1 and 1,
the triangle changes symmetrically according to the
symmetrical settling of triangles at the error and error
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changes. The DC100 volts applied to the converter
reached a balanced 195 volts of the direct voltage at
the converter output while the output of the inverter
turned into a balanced and symmetrical 195VAC.
The results of the fuzzy logic controlling the inverter
were compared with the results of the PID controlling
inverter. According to the PID control, the fuzzy
logic stabilized the output voltage faster and without
any oscillation. The harmonic distortion in the load
current was above 2% for the PID control, while the
harmonic distortion in the load current is above 1%
for the Fuzzy control. Then, the optimal values were
obtained over the load, while a nearly 100% increase
in voltage is achieved. The harmonic distortion of
the load currents of the inverter shows acceptable
values by staying lower than 4% for each simulation
according to results, proposed inverter topology is
more acceptable with the fuzzy logic controller for an
energy converting and power electronic applications
than the conventional PID control.
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